CAMERA, LENS APPARATUS, AND CAMERA SYSTEM 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a camera, a lens 
apparatus, and a camera system for driving control of a lens. 

2. DESCRIPTION OF THE RELATED ART 

[0002] Conventionally, cameras or image-taking lenses 

which have an autofocus function have been frequently used. 
[0003] The autofocus function is realized by detecting the 
focusing state of an image-taking lens to find a defocus 
amount, calculating a movement amount of a focus lens 
corresponding to the defocus amount, and driving the focus 
lens by the movement amount derived from the calculation. 
Driving control of the focus lens by a motor is absolutely 
necessary for the autofocus function. 

[0004] A typical method of the lens driving control 

involves accelerating a motor or a lens to a target speed 
(acceleration control) , driving the motor or lens at a 
constant sped equal to the target speed (constant-speed 
control), then decelerating the motor or lens for stopping 
it precisely at a target position (deceleration control), 
and finally stopping the motor or lens. All the 
accelerating control, constant-speed control, and 
decelerating control are speed control in which the 
rotational speed of the motor or the moving speed of the 
lens is detected at a sampling rate, the detected speed is 
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compared with a target speed, and the motor is decelerated 
if the detected speed is higher than the target speed or the 
motor is accelerated if the detected speed is lower than the 
target speed, thereby maintaining the target speed or 
reaching the target speed. 

[0005] When a DC motor, for example, is used as the motor, 
acceleration or deceleration is performed by increasing or 
reducing the driving effective voltage or the driving 
effective current. Alternatively, when a vibration type 
motor is used in which periodic wave voltages (alternating 
voltages or pulse voltages, etc.) with two different phases 
are applied to piezoelectric elements to excite vibration of 
a vibrator such that a contact body is relatively moved, 
acceleration or deceleration is performed by changing the 
frequencies, voltage values, or a phase difference of the 
aforementioned periodic wave voltages. 

[0006] The lens driving control is preferably achieved as 
fast as possible for smooth autofocus operation. The 
control of a focus lens, however, requires high accuracy of 
stop position of the lens at a target position to maintain 
focusing accuracy. To hold the high accuracy of stop 
position, the focus lens needs to be decelerated 
sufficiently to a low speed and then stopped. 
[0007] To address the need, various approaches have been 
adopted. For example, Japanese Patent Application Laid-Open 
No. H5 (1993) -333257 has proposed a method of maintaining 
stable accuracy of stop position and driving time without 
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being affected by load variations associated with the 
direction of a lens apparatus or ambient temperature. 
[0008] The method of lens driving control employs a means 
for detecting the direction of the lens apparatus and 
ambient temperature. When the detection result shows that a 
heavy load is applied, the load of a lens itself can serve 
as a brake to perform sharp deceleration, so that a larger 
deceleration area (an amount of lens driving from a 
deceleration start position to a target position) is set. 
On the other hand, when the detection result shows that a 
light load is applied, a smaller deceleration area is set 
since the load of the lens itself does not serve as a brake 
to make the deceleration difficult. 

[0009] Since the focal depth varies depending on setting 
of a stop (diaphragm, etc.), the required accuracy of stop 
position of a focus lens can be relaxed when the aperture of 
the stop is narrowed. With attention focused on this fact, 
Japanese Patent Application Laid-Open No. H7 (1995) -77648 has 
proposed a method, of controlling the stop position of a 
focus lens in combination with detection of the state of a 
stop. 

[0010] In a lens with a variable focal length such as a 
zoom lens, the focal depth is larger on the wide-angle side, 
while the focal depth is smaller on the telephoto side. 
Thus, a focus lens is moved by a larger amount on the wide- 
angle side and by a smaller amount on the telephoto side to 
correct the same defocus amount. 
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[0011] High accuracy is necessary for the focus lens stop 
position on the telephoto side, but relatively low accuracy 
is allowed on the wide-angle side as compared with the 
telephoto side. 

[0012] Conventionally, however, final accuracy of stop 
position of the focus lens is determined on the basis of the 
high stop accuracy required on the telephoto side. As a 
result, the accuracy of stop position of the focus lens is 
unnecessarily high on the wide-angle side to need a longer 
time period to correct the defocus amount. 

[0013] The method of lens driving control proposed in 
Japanese Patent Application Laid-Open No. H5 (1993) -333257 
aims to minimize the driving time in consideration of load 
variations associated with the direction of a lens apparatus 
and ambient temperature. The method, however, does not lead 
to solution of the aforementioned problem. In addition, the 
method of lens driving control proposed in Japanese Patent 
Application Laid-Open No. H7 (1995) -77648 aims at power 
savings, and does not result in solution of the 
aforementioned problem. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide 
a camera, a lens apparatus, and a camera system which 
maintain necessary accuracy of stop position of a focus lens 
in accordance with the state of an image-taking optical 
system and allow driving of the focus lens to a target 
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position in a short time period. 

[0015] To achieve the abovementioned object, according to 
one aspect of the present invention, a camera, a lens 
apparatus, or a camera system comprises an image-taking 
optical system which includes a focusing lens, a motor which 
drives the focusing lens, a controller which controls the 
motor such that the focusing lens is stopped at a target 
position by performing deceleration control in accordance 
with a predetermined deceleration control pattern. And it 
comprises a state detector which detects a state of the 
image-taking optical system- The controller changes the 
deceleration control pattern in accordance with the state 
detected by the state detector. 

[0016] According to another aspect of the present 

invention, a camera, a lens apparatus, or a camera system 
comprises an image-taking optical system which includes a 
focusing lens, a motor which drives the focusing lens, a 
position detector which detects a position of the focusing 
lens, a controller which controls the motor such that the 
focusing lens is stopped at a target position by performing 
deceleration control from the time when a difference between 
the target position and the position detected by the 
position detector is equal to or smaller than a 
predetermined amount. And it comprises a state detector 
which detects a state of the image-taking optical system. 
The controller changes the predetermined value in accordance 
with the state detected by the state detector. 
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[0017] These and other characteristics of the camera, lens 
apparatus , and camera system according to the present 
invention will be apparent from the following description of 
specific embodiments with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a block diagram showing a camera which is 
Embodiment 1 of the present invention; 

[0019] Fig. 2 is a flow chart for explaining processing of 
the camera of Embodiment 1; 

[0020] Fig. 3 is a flow chart for explaining the 

processing of the camera of Embodiment 1; 

[0021] Fig. 4 is a flow chart for explaining the 

processing of the camera of Embodiment 1; 

[0022] Fig. 5 is a flow chart for explaining the 

processing of the camera of Embodiment 1; 

[0023] Fig. 6 shows a wide-angle side deceleration data 
table and a telephoto side deceleration data table in the 
camera of Embodiment 1; 

[0024] Fig. 7 is a flow chart for explaining processing of 
a camera which is Embodiment 2 of the present invention; 
[0025] Fig. 8 shows a diaphragm opened side deceleration 
data table and a diaphragm narrowed side deceleration data 
table in the camera of Embodiment 2; 

[0026] Fig. 9 is a flow chart for explaining processing of 
a camera which is Embodiment 3 of the present invention; 
[0027] Fig. 10 shows a wide-angle and a telephoto side 



6 



deceleration pulse and a wide-angle and a telephoto side 
deceleration data table in the camera of Embodiment 3; 
[0028] Fig. 11 is a block diagram showing a camera system 
which is Embodiment 4 of the present invention; 
[0029] Fig. 12 is a flow chart for explaining processing 
on the camera side in Embodiment 4; 

[0030] Fig. 13A and 13B are flow charts for explaining 
processing on the image-taking lens side in Embodiment 4; 
[0031] Fig. 14 is a flow chart for explaining the 

processing on the image-taking lens side in Embodiment 4; 
and 

[0032] Fig. 15 is a flow chart for explaining the 

processing on the image-taking lens side in Embodiment 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] Preferred embodiments of the present invention are 
hereinafter described with reference to the drawings. 
[0034] (Embodiment 1) 

Fig. 1 shows the structure of a digital camera with a 
built-in lens which is Embodiment 1 of the present invention. 
In Fig. 1, reference numeral 1 shows the digital camera. 
The camera 1 has an image-taking optical system including a 
focusing lens 2, a zooming lens 3, and a diaphragm (stop) 4. 
In this embodiment, though a diaphragm is used as a stop, 
other types of stop (for example, a guillotine type or a 
scissors type) may be used. 

[0035] Reference numeral 5 shows a zoom brush serving as a 
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state detector which slides over a resistor, not shown, in 
association with movement of the zooming lens 3 to detect 
the position of the zooming lens 3. A signal with a voltage 
value corresponding to the position of the zooming lens 3 is 
output from the zoom brush 5. Reference numeral 6 shows a 
focus brush serving as a position detector which slides over 
a resistor, not shown, in association with movement of the 
focusing lens 2 to detect the position of the focusing lens 
2. A signal with a voltage value corresponding to the 
position (zone) of the focusing lens 2 is output from the 
focus brush 6. 

[0036] Reference numeral 7 shows a photometry unit which 
measures an amount of light passing through the image-taking 
optical system. Reference numeral 8 shows a shutter which 
controls the exposure time of an image-pickup device 11. 
Reference numeral 9 shows a charge system which performs 
charge driving of the shutter 8. Reference numeral 10 shows 
a controller which is responsible for various types of 
control in the camera 1 and formed of a CPU, an MPU or the 
like. The image-pickup device 11 is formed of a 
photoelectric conversion element such as a CCD and a CMOS 
sensor which photoelectrically converts an object image 
formed by the image-taking optical system. Signals output 
from the image-pickup device 11 are converted into image 
signals after undergoing various types of processing by an 
image processing circuit, not shown, included in the 
controller 10. The image signals are displayed on an 
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electric viewfinder, not shown, or recorded on a recording 
medium 30 such as a semiconductor memory, a magnetic disk, 
or an optical disk. 

[0037] The controller 10 detects the focusing state of the 
image-taking optical system with Phase Difference Detection 
Method or the like based on signals from a plurality of 
image-pickup areas on the image-pickup device 11 (this 
operation is hereinafter referred to as "focus detection") 
and makes calculations of an amount or a direction of 
driving of the focusing lens 2 to focus the image-taking 
optical system on an object, 

[0038] Reference numeral 12 shows an electric power source. 
Reference numeral 13 shows a lens driving unit for driving a 
focus driving motor 14 in response to a command signal from 
the controller 10. Reference numeral 15 shows a diaphragm 
driving unit for driving a diaphragm driving motor 16 in 
response to a command signal from the controller 10. 
[0039] In addition, the camera 1 of Embodiment 1 has a 
pulse generator 17 serving as a position detector which 
generates a pulse signal in association with movement of the 
focusing lens 2. The pulse generator 17 is formed, for 
example, of a disk-shaped pulse plate which has a plurality 
of slits formed therein and rotates with movement of the 
focusing lens 2, and a photo-interrupter which outputs a 
pulse signal generated by the slits and non-slit areas of 
the pulse plate passing and blocking light as the pulse 
plate rotates. However, a photo-reflector or a magnetic 
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sensor may be used as the pulse generator 17, not limited to 
the photo-interrupter. 

[004 0] Next, description is made for autofocus operation 
of the camera of Embodiment 1 (mainly realized by the 
controller 10) with reference to flow charts of Figs. 2 to 5. 
In Figs. 2 to 5, the same circled numbers show links in the 
flows . 

[0041] Fig. 2 shows a flow chart of steps from an on- 
operation of an image-taking preparation switch, not shown, 
in the camera to start of driving of the focusing lens 2. 
[0042] (step (abbreviated as "S" in the figures) 101) 

When the image-taking preparation switch is operated, 
the controller 10 starts this processing. 
[0043] (step 102) 

The controller 10 performs the focus detection of the 
image-taking optical system based on signals from a 
plurality of image-pickup areas on the image-pickup device 
11. 

[0044] (step 103) 

The controller 10 calculates a defocus amount from the 
focus detection result obtained at step 102. 
[0045] (step 104) 

The controller 10 calculates a target driving amount 
by which the focusing lens 2 should be driven to an in-focus 
position (a target position) based on the defocus amount 
calculated at step 103. The target driving amount is 
calculated as the amount of a pulse signal generated by the 
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pulse generator 17. The driving amount is saved as FOPC in 
a memory 10a formed of an EE PROM, for example, provided in 
the controller 10. 
[0046] (step 105) 

The controller 10 reads the current pulse count value 
and saves the value as FPCO in the memory 10a. The pulse 
signal output from the pulse generator 17 is counted by the 
controller 10 such that the controller 10 can read it as a 
pulse count value. In addition, a pulse interval measuring 
timer is provided for measuring an elapsed time period from 
the preceding pulse signal input at the time of pulse signal 
input to measure the pulse interval. 
[0047] (step 106) 

The controller 10 reads data indicating a target 
driving speed of the focusing lens 2 saved in a ROM 10b in 
the controller 10. The target speed is saved as a target 
pulse interval (T-SPD) of a pulse signal generated by the 
pulse generator 17. Predetermined values are saved as the 
target speed in accordance with brightness of an object and 
the focal length of the image-taking optical system. 
[0048] (step 107) 

The controller 10 outputs a control signal to the lens 
driving unit 13 to drive the lens driving motor 14. Thus, 
the driving of the focusing lens 2 is started. 
[004 9] After the start of the control of the focusing lens 
2, acceleration control is first performed to reach the 
target speed. When the remaining driving amount (the 
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difference between the number of pulses corresponding to the 
target position and the current pulse count value) is equal 
to or smaller than a predetermined amount (hereinafter 
referred to as a deceleration pulse amount), the target 
speed is decelerated. When the target position is reached, 
the lens driving motor 14 is stopped. 

[0050] Next, description is made for control from the 
start of the driving of the focusing lens to the end of the 
driving with reference flow charts of Figs. 3 to 5. 
[0051] (step 108) 

The controller 10 determines whether or not a pulse 
signal is input thereto from the pulse generator 17. When a 
pulse signal is input, the flow proceeds to step 109. When 
no pulse signal is input, the flow proceeds to step 121. 
[0052] (step 109) 

Since it is determined that a pulse signal is input at 
step 108, the pulse count value indicating the current 
position of the focusing lens 2 has been changed. Thus, the 
controller 10 takes a pulse count value FPC indicating the 
current position of the focusing lens 2. 
[0053] (step 110) 

Since it is determined that the pulse signal is input 
at step 108, the controller 10 reads the current measured 
value of the real pulse interval (R-SPD) . 
[0054] (step 111) 

The controller 10 resets and restarts the pulse 
interval measuring timer so that, when a pulse signal is 
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input next, the measured value of the pulse interval can be 
obtained. 

[0055] (step 112) 

The controller 10 checks a stop processing ongoing 
flag. When the flag is set, it is determined that stop 
processing is being performed and the flow returns to step 
108. When the flag is reset, the flow proceeds to step 113. 
[0056] (step 113) 

The controller 10 performs setting of a target driving 
speed. Specifically, the controller 10 determines whether 
or not the remaining driving amount to the target position 
represented by (FOPC+FPCO) -FPC is equal to or smaller than 
the deceleration pulse amount, at the start of which 
deceleration is to be started. When the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the controller 10 newly takes T-SPD to change the 
target driving speed (the target pulse interval). 
Specifically, when the remaining driving amount is equal to 
or smaller than the deceleration pulse amount, the target 
speed is updated to achieve deceleration and stop. How the 
target speed is changed or a deceleration control pattern is 
set in this processing is described later with reference to 
Fig. 5. 

[0057] (step 114) 

The controller 10 compares the real pulse interval R- 
SPD corresponding to the current driving speed taken at step 
110 with the target pulse interval T-SPD corresponding to 
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the target speed. When R-SPD is larger than T-SPD, the flow 
proceeds to step 116, or to step 115 otherwise. Since R-SPD 
and T-SPD are data about the pulse interval, R-SPD longer 
than T-SPD means that the current speed is lower than the 
target speed, and R-SPD shorter than T-SPD means that the 
current speed is higher than the target speed. 
[0058] (step 115) 

The controller 10 compares R-SPD with T-SPD, and when 
R-SPD is shorter than T-SPD (that is, when the current 
driving speed is higher than the target speed) , the flow 
proceeds to step 117, or returns to step 108 otherwise. 
[0059] (step 116) 

Since it is determined that the current driving speed 
is lower than the target speed at step 114, the controller 
10 performs speed-up processing for increasing the speed of 
the focusing lens 2. The speed-up processing varies among 
the types of the lens driving motor 14. In Embodiment 1, 
since a DC motor is used as the lens driving motor 14, the 
speed is increased by boosting the voltage supplied to the 
motor 14. 

[0060] Specifically, when the current speed is compared 
with the target speed at step 114 , the resulting difference 
between them is stored, and a voltage increase is determined 
corresponding to the difference to change the voltage. A 
larger voltage increase can be set when the difference 
between the current speed and the target speed is large, and 
a smaller voltage increase can be set when the difference is 
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small, thereby making it possible to reach the target speed 
more quickly. If a brake, described later, is being applied, 
the abovementioned processing is performed after the brake 
is released. 
[0061] (step 117) 

Since it is determined that the current driving speed 
is higher than the target speed at step 115, the controller 
10 performs speed-down processing for reducing the speed of 
the focusing lens 2. Description is made herein for the 
case where a DC motor is used as the motor 14 and controlled 
with voltage. In Embodiment 1, the speed is reduced by 
lowering the voltage supplied to the lens driving motor 14 
or applying the brake. This brake is a short brake which 
involves shorting between the positive terminal and negative 
terminal of the motor or a reverse brake which involves 
passage of current such that the direction of the motor 
rotation is reversed. 

[0062] Specifically, when the current speed is compared 
with the target speed at step 115, the resulting difference 
between them is stored, and it is determined whether the 
brake is applied or the voltage is reduced on the basis of 
the difference. For reducing the voltage, a voltage 
reduction is determined corresponding to the difference to 
change the voltage. Thus, the pace of speed reduction can 
be adjusted such that the speed is reduced rapidly by the 
brake when the difference between the current speed and the 
target speed is large, while the speed is gradually reduced 
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through voltage control when the difference is small. 
Consequently, it is possible to reduce the speed to the 
target speed more quickly. 
[0063] (step 118) 

The controller 10 determines whether or not the 
remaining driving amount (FOPC+FPCO) -FPC is equal to zero. 
When the remaining driving amount is equal to zero, the flow 
proceeds to step 119. When any remaining driving amount is 
present, the flow returns to step 108. 
[0064] (step 119) 

Since the target position is reached, the controller 
10 applies the brake to stop the focusing lens 2. 
[0065] (step 120) 

The controller 10 sets the flag indicating the stop 
processing is being performed and the flow returns to step 
108. Processing after the set of the flag indicating the 
stop processing is being performed includes monitoring the 
presence of pulse input with the brake applied and checking 
whether or not the target position is overrun. When an 
overrun occurs, the amount thereof is counted and recognized 
for use in determining whether or not focus detection is 
again performed. 
[0066] (step 121) 

The controller 10 reads R-TIM which is the current 
value (time period) of the pulse interval measuring timer. 
This R-TIM represents the elapsed time period from the 
preceding pulse input by the pulse generator 17 to the 
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present time. 
[0067] (step 122) 

The controller 10 checks the stop processing ongoing 
flag. When the flag is set, the controller 10 determines 
that the stop processing is being performed and the flow 
proceeds to step 123. When the flag is reset, the flow 
proceeds to step 124. 
[0068] (step 123) 

Since it is determined that the stop processing is 
being performed at step 122, the controller 10 compares R- 
TIM with STOP-TIM. STOP-TIM represents a value (time 
period) of the pulse interval defined such that it can be 
determined that the focusing lens 2 is stopped when R-TIM 
becomes equal to the value or longer. When R-TIM is shorter 
than STOP-TIM, the flow returns to step 108 to wait for 
input of a pulse. When R-TIM is equal to or longer than 
STOP-TIM, the flow proceeds to step 125. 
[0069] (step 124) 

Since it is determined that the driving is still being 
performed, the controller 10 compares R-TIM with UP-TIM. 
When R-TIM is shorter than UP-TIM, the flow returns to step 
108 to wait for input of a pulse. When R-TIM is equal to or 
longer than UP-TIM, the flow proceeds to step 116 to perform 
the speed-up processing. UP-TIM is a previously set value 
(time period) of the pulse interval defined such that, when 
R-TIM becomes equal to the value or longer, the speed-up 
processing should be performed to prevent the speed from 
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excessively reducing to cause the stop of the focusing lens 
2 even while the lens 2 is driven, STOP-TIM and UP-TIM are 
previously stored in the ROM 10b. 
[0070] (step 125) 

The controller 10 determines that the focusing lens 2 
is stopped and performs driving stop processing. 
[0071] (step 126) 

The processing of the flow is ended. 
[0072] Next, description is made for a subroutine in the 
processing of setting the target pulse interval performed at 
step 113 with reference to Fig. 5. 
[0073] (step 127) 

The controller 10 determines whether or not the 
remaining driving amount ( FOPC+FPCO) -FPC to the target 
position is equal to or smaller than the deceleration pulse 
amount. The remaining driving amount is equal to or smaller 
than the deceleration pulse amount, the flow proceeds to 
step 128. Otherwise, the target pulse interval setting 
processing is ended and the flow proceeds to step 114 of the 
main flow. 
[0074] (step 128) 

The controller 10 reads a voltage value from the zoom 
brush 6 to determine whether or not the current position 
ZOOM of the zooming lens 3 is larger than a predetermined 
value. The predetermined value represents a previously set 
focal length of the image-taking optical system. The 
current position ZOOM of the zooming lens 3 larger than the 
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predetermined value means that the zooming lens 3 is located 
on the telephoto side closer to the telephoto end than the 
focal length corresponding to the predetermined value, while 
the current position ZOOM smaller than the predetermined 
value means that the zooming lens 3 is located on the wide- 
angle side closer to the wide-angle end than the focal 
length corresponding to the predetermined value. When it is 
determined that the zooming lens 3 is on the telephoto side, 
the flow proceeds to step 130. On the other hand, when it 
is determined that the zooming lens 3 is on the wide-angle 
side, the flow proceeds to step 129. 
[0075] (step 129) 

Since it is determined that the current focal length 
is on the wide-angle side at step 128, the controller 10 
reads and sets pulse interval data for the target speed (T- 
SPD) from a wide-angle side deceleration data table (a 
deceleration control pattern) , later described. 
[0076] (step 130) 

Since it is determined that the current focal length 
is on the telephoto side at step 128, the controller 10 
reads and sets pulse interval data for the target speed (T- 
SPD) from a telephoto side deceleration data table (a 
deceleration control pattern) , later described. 
[0077] Fig. 6 shows the wide-angle side deceleration data 
table and the telephoto side deceleration data table. The 
horizontal axis represents the remaining driving amount, and 
the vertical axis represents the target driving speed (pulse 
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interval data) . These deceleration data tables are 
previously stored in the ROM 10b. As shown in Fig. 6, in 
Embodiment 1, the wide-angle side deceleration data table is 
set such that the deceleration rate to a predetermined 
remaining amount near the stop position (immediately before 
the stop) is smaller than on the telephoto side, and after 
the predetermined remaining amount, the speed is sharply 
reduced to stop the focusing lens 2. 

[0078] The setting is made to reduce the driving time even 
when the target position is overrun. The setting is 
provided by making use of the fact that the focal depth is 
deeper on the wide-angle side while the focal depth is 
shallower on the telephoto side, so that high accuracy of 
stop position of the focusing lens 2 is required on the 
telephoto side but relatively lower accuracy is allowed on 
the wide-angle side as compared with the telephoto side as 
described earlier. 

[0079] On the other hand, the telephoto side deceleration 
data table is set such that the deceleration rate to a 
predetermined remaining amount near the stop position 
(immediately before the stop) is large, and after the 
predetermined remaining amount, the speed is gently reduced 
to stop the focusing lens 2. This can provide high accuracy 
of stop position of the focusing lens 2 on the telephoto 
side. 

[0080] The predetermined value serving as a threshold 
value for the determination whether or not the focal length 
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is on the wide-angle side or telephoto side at step 128 is 
set on condition that a defocus amount on an image-pickup 
surface due to an overrun possibly caused when the focusing 
lens 2 is stopped in accordance with the wide-angle side 
deceleration data does not exceed the permissible circle of 
confusion. 

[0081] As described above , in Embodiment 1, the speed 
control data for the deceleration control (deceleration 
control pattern) is changed depending on the focal length 
of the image-taking optical system. Thus, high accuracy of 
stop position of the focusing lens 2 can be maintained on 
the telephoto side and the required accuracy of stop 
position can be relaxed to stop the driving more quickly on 
the wide-angle side, thereby allowing a reduction in driving 
time of the focusing lens 2. 

[0082] While one focal length for changing the 

deceleration data table is set in Embodiment 1, a plurality 
of focal lengths for changing the deceleration data table 
may be set (for example, an additional deceleration data 
table is provided corresponding to an intermediate focal 
length between the telephoto side and the wide-angle side) 
to set speed control data for deceleration in more detail. 
It is thus possible to maintain the accuracy of stop 
position required for each focal length as well as to 
minimize the driving time. 

[0083] While Embodiment 1 has been described for the case 
where the DC motor is used as the lens driving motor to 
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achieve acceleration and deceleration through voltage 
control, a vibration type motor may be used in which 
periodic wave voltages with two different phases are applied 
to piezoelectric elements to excite vibration of a vibrator 
such that a contact body is relatively moved. In this case, 
acceleration or deceleration is performed by changing the 
frequencies, voltage values, or a phase difference of 
periodic wave voltages. 
[0084] (Embodiment 2) 

Description is made for autofocus operation in a 
digital camera with a built-in lens which is Embodiment 2 of 
the present invention with reference to Figs. 2 to 5 and Fig. 
7. Since the processing shown in Figs. 2 to 5 is already 
described, the description thereof is omitted, and only the 
processing of a flow chart in Fig. 7 is hereinafter 
described. 

[0085] The structure of the camera to which Embodiment 2 
is applied is the same as the camera of Embodiment 1. 
[0086] Fig. 7 shows the flow chart of a subroutine in the 
target pulse interval setting (step 113) in Fig. 1. 
[0087] (step 131) 

The controller 10 determines whether or not the 
remaining driving amount represented by (FOPC+ FPCO) -FPC to 
the target position is equal to or smaller than the 
deceleration pulse amount. When the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the flow proceeds to step 132. Otherwise, the 
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target pulse interval setting is ended and the flow proceeds 
to step 114 of the main flow. 
[0088] (step 132) 

The controller 10 reads the current set value (F- 
number) of the diaphragm 4 to determine whether or not the 
set value is larger than a predetermined value. A set value 
of the diaphragm 4 larger than the predetermined value 
indicates that the aperture of the diaphragm 4 is narrowed 
down further than the aperture corresponding to the 
predetermined value, and a set value of the diaphragm 4 
smaller than the predetermined value indicates that the 
aperture of the diaphragm 4 is opened wider than the 
aperture corresponding to the predetermined value. When it 
is determined that the diaphragm 4 is on the opened side, 
the flow proceeds to step 133. When it is determined that 
the diaphragm 4 is on the narrowed side, the flow proceeds 
to step 134. 
[0089] (step 133) 

Since it is determined that the diaphragm 4 is on the 
opened side at step 132, the controller 10 reads and sets a 
target pulse interval data (T-SPD) for the target speed from 
an opened side deceleration data table (a deceleration 
control pattern), later described. 
[0090] (step 134) 

Since it is determined that the diaphragm 4 is on the 
narrowed side at step 132, the controller 10 reads and sets 
a target pulse interval data (T-SPD) for the target speed 
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from a narrowed side deceleration data table (a deceleration 
control pattern), later described. 

[0091] Fig. 8 shows the opened side deceleration data 
table and the narrowed side deceleration data table. The 
horizontal axis represents the remaining driving amount, and 
the vertical axis represents the target speed (the pulse 
interval) . These deceleration data tables are previously 
saved in the ROM 10b. As shown in Fig. 8, in Embodiment 2, 
the narrowed side deceleration data table is set such that 
the deceleration rate to a predetermined remaining amount 
near the stop position (immediately before the stop) is 
smaller than on the opened side, and after the predetermined 
remaining amount, the speed is sharply reduced to stop the 
focusing lens 2. 

[0092] The setting is made to reduce the driving time even 
when the target position is overrun. The setting is 
provided by making use of the fact that the focal depth is 
deeper on the narrowed side while the focal depth is smaller 
on the opened side, so that high accuracy of stop position 
of the focusing lens 2 is required on the opened side but 
relatively lower accuracy is allowed on the stopped-down 
narrowed side as compared with the opened side. 
[0093] On the other hand, the opened side deceleration 
data table is set such that the deceleration rate to a 
predetermined remaining amount near the stop position 
(immediately before the stop) is large, and after the 
predetermined remaining amount, the- speed is gently reduced 



24 



to stop the focusing lens 2. This can provide high accuracy 
of stop position of the focusing lens 2 on the opened side. 
[0094] The predetermined value serving as a threshold 
value for the determination whether or not the diaphragm 4 
is on the opened side or narrowed side at step 123 is set on 
condition that a defocus amount on an image pickup surface 
due to an overrun possibly caused when the focusing lens 2 
is stopped in accordance with the narrowed side deceleration 
data does not exceed the permissible circle of confusion. 
[0095] As described above, in Embodiment 2, speed control 
data for the deceleration control (deceleration control 
pattern) is changed depending on the set value of the 
diaphragm 4. Thus, high accuracy of stop position of the 
focusing lens 2 can be maintained on the opened side, and 
the required accuracy of stop position can be relaxed to 
stop the driving more quickly on the narrowed side, thereby 
allowing a reduction in driving time of the focusing lens 2. 
[0096] While one set value of the diaphragm is set for 
changing the deceleration data table in Embodiment 2, a 
plurality of set values for changing the deceleration data 
table may be set (for example, an additional deceleration 
data table is provided corresponding to an intermediate set 
value of the diaphragm between the opened side and the 
narrowed side) to set speed control data for deceleration in 
more detail. It is thus possible to maintain the accuracy 
of stop position required for each set value of the 
diaphragm as well as to minimize the driving time. 
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[0097] While Embodiment 2 has been described for the case 
where the DC motor is used as the lens driving motor to 
achieve acceleration and deceleration through voltage 
control, a vibration type motor may be used in which 
periodic wave voltages with two different phases are applied 
to piezoelectric elements to excite vibration of a vibrator 
such that a contact body is relatively moved. In this case, 
acceleration or deceleration is performed by changing the 
frequencies, voltage values, or a phase difference of the 
periodic wave voltages. 
[0098] (Embodiment 3) 

Description is made for autofocus operation in a 
digital camera with a built-in lens which is Embodiment 3 of 
the present invention with reference to Figs. 2 to 5 and Fig. 
9. Since the processing shown in Figs. 2 to 5 is already 
described, the description thereof is omitted, and only the 
processing of a flow chart in Fig. 9 is hereinafter 
described. 

[0099] The structure of the camera to which Embodiment 3 
is applied is the same as the camera of Embodiment 1. 
[0100] Fig. 9 shows the flow chart of a subroutine in the 
target pulse interval setting (step 113) in Fig. 3. 
[0101] (step 135) 

The controller 10 reads a voltage value from the zoom 
brush 6 to determine whether or not the current position 
ZOOM of the zooming lens 3 is larger than a predetermined 
value. The predetermined value represents a previously set 
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focal length of the image-taking optical system. The 
current position larger than the predetermined value means 
that the zooming lens 3 is located on the telephoto side 
closer to the telephoto end than the focal length 
corresponding to the predetermined value, while the current 
position smaller than the predetermined value means that the 
zooming lens 3 is located on the wide-angle side closer to 
the wide-angle end than the focal length corresponding to 
the predetermined value. When it is determined that the 
zooming lens 3 is located on the telephoto side, the flow 
proceeds to step 137. When it is determined that the 
zooming lens 3 is located on the wide-angle side, the flow 
proceeds to step 13 6. 
[0102] (step 136) 

Since it is determined that the current focal length 
is on the wide-angle side at step 135, the controller 10 
sets a telephoto side deceleration pulse amount (a 
predetermined value) as a deceleration pulse amount. 
[0103] (step 137) 

Since it is determined that the current focal length 
is on the telephoto side, the controller 10 sets a wide- 
angle side deceleration pulse amount (a predetermined value) 
as the deceleration pulse amount. These telephoto side and 
wide-angle side deceleration pulse amounts are described 
later. 

[0104] (step 138) 

The controller 10 determines whether or not the 
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remaining driving amount represented by (FOPC+FPCO) -FPC to 
the target position is equal to or smaller than the 
deceleration pulse amount set at step 136 or step 137. When 
it is determined that the remaining driving amount is equal 
to or smaller than the deceleration pulse amount, the flow 
proceeds to step 139. Otherwise, the target pulse interval 
setting is ended and the flow proceeds to step 114 of the 
main flow of Fig. 3. 
[0105] (step 139) 

Since it is determined that the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the controller 10 newly takes T-SPD for changing the 
target speed. In this manner, when the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the deceleration control is stated to the update the 
target speed such that the focusing lens 2 is stopped at the 
target position. 

[0106] Fig. 10 shows the wide-angle side deceleration 

pulse amount and the telephoto side deceleration pulse 
amount. The horizontal axis represents the remaining 
driving amount, and the vertical axis represents the target 
speed (the pulse interval) . The deceleration pulse data are 
previously stored in the ROM 10b. 

[0107] As shown in Fig. 10, in Embodiment 3, the wide- 
angle side deceleration pulse amount (the predetermined 
value) is set such that the deceleration control is started 
from a smaller remaining driving amount than on the 
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telephoto side, so that the speed is sharply reduced to stop 
the focusing lens 2 in actual operation. 

[0108] The setting is made to reduce the driving time even 
when the target position is overrun. The setting is 
provided by making use of the fact that the focal depth is 
deeper on the wide-angle side while the focal depth is 
shallower on the telephoto side, so that high accuracy of 
stop position of the focusing lens 2 is required on the 
telephoto side but relatively lower accuracy is allowed on 
the wide-angle side as compared with the telephoto side as 
described earlier. 

[0109] On the other hand, the telephoto side deceleration 
pulse amount (the predetermined value) is set such that the 
deceleration control is started from a larger remaining 
driving amount. Thus, the speed is gently reduced to stop 
the focusing lens 2 in actual operation. This can achieve 
high accuracy of stop position of the focusing lens on the 
telephoto side. 

[0110] The predetermined value serving as a threshold 
value for the determination whether or not the focal length 
is on the wide-angle side or telephoto side at step 135 is 
set on condition that a defocus amount on an image-pickup 
surface due to an overrun possibly caused when the focusing 
lens 2 is stopped in accordance with the wide-angle side 
deceleration data (deceleration pulse amount) does not 
exceed the permissible circle of confusion. 

[0111] As described above, in Embodiment 3, the remaining 
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driving amount at which the deceleration control is started 
is changed depending on the focal length of the image-taking 
optical system. Thus, high accuracy of stop position of the 
focusing lens 2 can be maintained on the telephoto side and 
the required accuracy of stop position can be relaxed to 
stop the driving more quickly on the wide-angle side, 
thereby allowing a reduction in driving time of the focusing 
lens 2. 

[0112] While one focal length for changing the 

deceleration pulse amount is set in the deceleration control 
of Embodiment 3, a plurality of focal lengths for changing 
the deceleration pulse amount may be set (for example, an 
additional deceleration pulse is provided corresponding to 
an intermediate focal length between the telephoto side and 
the wide-angle side) to set speed control data for 
deceleration in more detail. It is thus possible to 
maintain the accuracy of stop position required for each 
focal length as well as to minimize the driving time. 
[0113] While Embodiment 3 has been described for the case 
where the DC motor is used as the lens driving motor to 
achieve acceleration and deceleration through voltage 
control, a vibration type motor may be used in which 
periodic wave voltages with two different phases are applied 
to piezoelectric elements to excite vibration of a vibrator 
such that a contact body is relatively moved. In this case, 
acceleration or deceleration is performed by changing the 
frequencies, voltage values, or a phase difference of the 
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periodic wave voltages, 

[0114] It is possible to combine the control for changing 
the deceleration data table depending on the focal length 
described earlier in Embodiment 1 with the control for 
changing the remaining driving amount (deceleration pulse 
amount) at which the deceleration control is started 
depending on the focal length described in Embodiment 3. 
[0115] Although detailed description is omitted, similarly 
to Embodiment 2, the remaining driving amount (deceleration 
pulse amount) at which the deceleration control is started 
can be changed depending on the set value of the diaphragm 
(such that the remaining driving amount at which the 
deceleration control is started on the narrowed side is 
smaller than the remaining driving amount at which the 
deceleration control is started on the opened side) . 
[0116] It is also possible to combine the control for 
changing the deceleration data table depending on the set 
value of the diaphragm described in Embodiment 2 with the 
abovementioned control for changing the remaining driving 
amount at which the deceleration control is started 
depending on the set value of the diaphragm. 
[0117] (Embodiment 4) 

Fig. 11 shows a digital camera system which is 
Embodiment 4 of the present invention to be described. The 
camera system is formed of a digital camera and an image- 
taking lens (a lens apparatus) which is removably mounted on 
the camera. 
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[0118]/ In Fig, 11 , reference numeral 201 shows the digital 
camera, and reference numeral 202 shows the image-taking 
lens which is removably mounted on the camera 201. 

[0119] In the camera 201, reference numeral 203 shows an 
electric circuit. The electric circuit 203 comprises a 
photometry unit 204 which measures an amount of light 
passing through an image-taking optical system in the image- 
taking lens 202, a shutter 206 which controls the exposure 
time of an image-pickup device 205, a charge system 207 
which performs charge driving of the shutter 206, a camera 
controller 208 which is responsible for various types of 
control in the camera 201 and formed of a CPU, an MPU or the 
like, and a communication circuit 209 which performs serial 
communication with the image-taking lens 202. The camera 
201 includes an electric power source 210 which also 
supplies electric power to the image-taking lens 202. 

[0120] The image-pickup device 205 is formed of a 

photoelectric conversion element such as a CCD and a CMOS 
sensor which photoelectrically converts an object image 
formed by the image-taking optical system. Signals output 
from the image-pickup device 205 are converted into image 
signals after undergoing various types of processing by an 
image processing circuit, not shown, included in the camera 
controller 208. The image signals are displayed on an 
electric viewfinder, not shown, or recorded on a recording 
medium 230 such as a semiconductor memory, a magnetic disk, 
or an optical disk. 
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[0121] The camera controller 208 detects the focusing 
state of the image-taking optical system with Phase 
Difference Detection Method or the like based on signals 
from a plurality of image-pickup areas on the image-pickup 
device 205 (this operation is hereinafter referred to as 
"focus detection") and makes calculations of an amount or a 
direction of driving of a focusing lens 211 to focus the 
image-taking optical system on an object. 

[0122] In the image-taking lens 202, 212 a zooming lens, 
and 213 a diaphragm. 

[0123] The image-taking lens 202 has the image-taking 
optical system including the focusing lens 211, the zooming 
lens 212, and the diaphragm 213. 

[0124] Reference numeral 214 shows a zoom brush which 
slides over a resistor, not shown, in association with 
movement of the zooming lens 212 to detect the position of 
the zooming lens 212. A signal with a voltage value 
corresponding to the position of the zooming lens 212 is 
output from the zoom brush 214. Reference numeral 215 shows 
a focus brush which slides over a resistor, not shown, in 
association with movement of the focusing lens 211 to detect 
the position (zone) of the focusing lens 211. A signal with 
a voltage value corresponding to the position of the 
focusing lens 211 is output from the focus brush 215. 
[0125] Reference numeral 216 shows an A/M switch for 
switching between autofocus and manual focus. Reference 
numeral 217 shows an electric circuit in the image-taking 
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lens 202. 

[0126] The electric circuit 217 comprises a communication 
circuit 218 which performs serial communication with the 
camera 201, a lens controller 219 which is responsible for 
control in the image-taking lens 202 and formed of a CPU, an 
MPU, or the like, a lens driving unit 220 which controls 
driving of a focus driving motor 221 for driving the 
focusing lens 211 in response to a control signal from the 
lens controller 219, and a diaphragm driving unit 222 which 
controls driving of a diaphragm driving motor 223 for 
driving the diaphragm 213 in response to a control signal 
from the lens controller 219 . In the image-taking lens 202, 
a pulse generator 224 is provided for outputting a pulse 
signal in association with movement of the focusing lens 211. 
The pulse generator 224 is similar to the pulse generator 17 
described in Embodiment 1 . 

[0127] Next, description is made for autofocus operation 
in the camera system of Embodiment 4 with reference to flow 
charts of Figs. 12 to 15. 

[0128] First, with reference to Fig. 12, description is 
made for processing performed on the camera side (mainly by 
the camera controller 208) in the camera system of 
Embodiment 4 . 
[0129] (step 201} 

When an image-taking preparation switch, not shown, is 
on-operated, the camera controller 208 starts the processing 
in the flow. 
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[0130] (step 202) 

The camera controller 208 detects the focusing state 
of the image-taking optical system (focus detection) based 
on signals from a plurality of image-pickup areas on the 
image-pickup device 205. 
[0131] (step 203) 

The camera controller 208 calculates a defocus amount 
from the focus detection result obtained at step 202. 
[0132] (step 204) 

The camera controller 208 determines whether or not 
the defocus amount calculated at step 203 falls within an 
in-focus range. If it falls within the in-focus range, the 
flow proceeds to step 209. If it is out of the in-focus 
range, the flow proceeds to step 205. The in-focus range is 
defined on the basis that the defocus amount falls within 
the permissible circle of confusion. 
[0133] (step 205) 

The camera controller 208 calculates a driving amount 
by which the focusing lens 211 should be driven to an in- 
focus position (a target position) from the defocus amount 
calculated at step 203. The driving amount is calculated as 
the amount of a pulse signal generated by the pulse 
generator 224. The driving amount is saved as FOPC in a 
memory 208 formed of an EE PROM, for example, provided in the 
camera controller 208. 
[0134] (step 206) 

The camera controller 208 outputs a focus driving 
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command to the lens controller 219 to drive the focus 
driving motor 221 by the driving amount FOPC calculated at 
step 205 with communication through the communication 
circuits 209 and 218. 
[0135] (step 207) 

The camera controller 208 performs lens status 
communication with the lens controller 219. With this 
communication, the camera controller 208 is notified of the 
driving state of the focusing lens 211 or the like on the 
lens side. 
[0136] (step 208) 

The camera controller 208 determines from the lens 
status communication performed at step 207 whether or not 
the focusing lens 211 is being driven. When the focusing 
lens 211 is being driven, the flow returns to step 207. 
When the focusing lens 211 is not driven, the flow returns 
to step 202. 
[0137] (step 209) 

Since it is determined that the defocus amount falls 
within the in-focus range at step 203, the camera controller 
208 performs focus processing. 
[0138] (step 210) 

The camera controller 208 ends the processing on the 
camera side before focusing is achieved. 

[0139] In this manner, on the side of the camera 201, the 
focus detection and focusing lens driving are repeatedly 
performed until the defocus amount falls within the in-focus 
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range. 

[0140] Next, description is made for processing performed 
on the side of the image-taking lens 202 (mainly by the lens 
controller 219) with reference to Figs. 13A, 13B to 15. In 
these figures, the same circled numbers show links in the 
flows . 

[0141] (step 211) 

The lens controller 219 receives a focus driving 
command from the camera controller 208 with camera-lens 
communication. 
[0142] (step 212) 

The lens controller 219 sets a focus driving ongoing 
flag, the state of which is one of information to be 
transmitted through lens status communication in camera-lens 
communication. During the setting of the flag, the camera 
controller 208 determines that the focusing lens 211 is 
being driven. 

[0143] (step 213) 

The lens controller 219 saves the focus driving amount 

(FOPC) transmitted from the camera controller 208 at step 

211 in a memory 219a formed of an EE PROM, for example 

provided in the lens controller 219. 

[0144] (step 214) 

The lens controller 219 reads the current pulse count 

value and saves the read value as FPCO in the memory 219a. 

The pulse signal output from the pulse generator 224 is 

counted by the lens controller 219 such that the lens 
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controller 219 can read it as a pulse count value. In 
addition, a pulse interval measuring timer is provided for 
measuring an elapsed time period from the preceding pulse 
signal input at the time of pulse signal input to measure 
the pulse interval. 
[0145] (step 215) 

The lens controller 219 determines whether or not a 
pulse signal is input thereto from the pulse generator 224, 
When a pulse signal is input, the flow proceeds to step 216. 
When no pulse signal is input, the flow proceeds to step 228. 
[0146] (step 216) 

Since it is determined that a pulse signal is input at 
step 215, the pulse count value indicating the current 
position of the focusing lens 211 has been changed. Thus, 
the lens controller 219 takes a pulse count value FPC 
indicating the current position. 
[0147] (step 217) 

Since it is determined that a pulse signal is input at 
step 215, the lens controller 219 reads the measured value 
of the pulse interval (R-SPD) of the pulse signal output 
from the pulse generator 224. 
[0148] (step 218) 

The lens controller 219 resets and restarts the value 
of the pulse interval measuring timer so that, when a pulse 
signal is input next, the measured value of the pulse 
interval can be obtained. 
[0149] (step 219) 
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The lens controller 219 checks a stop processing 
ongoing flag. When the flag is set, it is determined that 
stop processing is being performed and the flow returns to 
step 215. When the flag is reset, the flow proceeds to step 
220. 

[0150] (step 220) 

The lens controller 219 performs setting of a target 
driving speed. Specifically, the lens controller 219 
determines whether or not the remaining driving amount to 
the target stop position represented by ( FOPC+FPCO) -FPC is 
equal to or smaller than the amount of predetermined 
deceleration pulse amount, at the start of which 
deceleration is to be started. When the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the lens controller 219 newly takes T-SPD to change 
the target speed. Specifically, when the remaining driving 
amount is equal to or smaller than the deceleration pulse 
amount, the target speed is updated to achieve deceleration 
and stop. 

[0151] (step 221) 

The lens controller 219 compares the pulse interval R- 
SPD which indicates the current driving speed taken at step 
217 with the pulse interval T-SPD which indicates the target 
speed. When R-SPD is longer, the flow proceeds to step 223, 
or to step 222 otherwise. Since R-SPD and T-SPD are data 
about the pulse interval, R-SPD longer than T-SPD means that 
the current speed is lower than the target speed. 
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[0152] (step 222) 

The lens controller 219 compares R-SPD with T-SPD, and 
when R-SPD is shorter, that is, the current speed is higher 
than the target speed, the flow proceeds to step 224, or 
returns to step 215 otherwise. 

[0153] (step 223) 

Since it is determined that the current driving speed 
is lower than the target speed at step 221, the lens 
controller 219 performs speed-up processing for increasing 
the speed of the focusing lens 211. The speed-up processing 
varies among the types of the lens driving motor 221. In 
Embodiment 4, since a DC motor is used as the lens driving 
motor 221, the speed is increased by boosting the voltage 
supplied to the motor 221. 

[0154] Specifically, when the current speed is compared 
with the target speed at step 221, the resulting difference 
between them is stored, and a voltage increase is determined 
corresponding to the difference to change the voltage. Thus, 
a larger voltage increase can be set when the difference 
between the current speed and the target speed is large, and 
a smaller voltage increase can be set when the difference is 
small, thereby making it possible to reach the target speed 
more quickly. If a brake (a short brake or a reverse brake) 
is being applied, the abovementioned processing is performed 
after the brake is released. 

[0155] (step 224) 

Since it is determined that the current driving speed 
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is higher than the target speed at step 222, the lens 
controller 219 performs speed-down processing for reducing 
the speed of the focusing lens 211. 

[0156] Description is made herein for the case where a DC 
motor is used as the motor 221 and controlled with voltage. 
In Embodiment 4, the speed is reduced by lowering the 
voltage supplied to the lens driving motor 221 or applying 
the brake. 

[0157] Specifically, when the current speed is compared 
with the target speed at step 221, the resulting difference 
between them is stored, and it is determined whether the 
brake is applied or the voltage is reduced on the basis of 
the difference. For reducing the voltage, a voltage 
reduction is determined corresponding to the difference to 
change the voltage. Thus, the pace of speed reduction can 
be adjusted such that the speed is reduced rapidly by the 
brake when the difference between the current speed and the 
target speed is large, while the speed is gradually reduced 
through voltage control when the difference is small. 
Consequently, it is possible to reduce the speed to the 
target speed more quickly. 
[0158] (step 225) 

The lens controller 219 determines whether or not the 
remaining driving amount (FOPC+FPCO) -FPC is equal to zero. 
When the remaining driving amount is equal to zero, the flow 
proceeds to step 226. When any remaining driving amount is 
present, the flow returns to step 215. 
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[0159] (step 226) 

Since the target position is reached, the lens 
controller 219 applies the brake to stop the focusing lens 
211 (the focus driving motor 221) . 
[0160] (step 227) 

The lens controller 219 sets the flag indicating the 
stop processing is being performed and the flow returns to 
step 215. Processing after the set of the flag indicating 
the stop processing is being performed includes monitoring 
the presence of pulse input with the brake applied and 
checking whether or not the target position is overrun. 
When an overrun occurs, the amount thereof is counted and 
recognized for use in determining whether or not focus 
detection is again performed. 

[0161] (step 228) 

The lens controller 219 reads R-TIM which is the 

current value of the pulse interval measuring timer. This 

R-TIM represents the elapsed time period from the preceding 

pulse input to the present time. 

[0162] (step 229) 

The lens controller 219 checks the stop processing 

ongoing flag. When the flag is set, the lens controller 219. 

determines that the stop processing is being performed and 

the flow proceeds to step 230. When the flag is reset, the 

flow proceeds to step 231. 

[0163] (step 230) 

Since it is determined that the stop processing is 
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being performed at step 229, the lens controller 219 
compares R-TIM with STOP-TIM. STOP-TIM represents a value 
(time period) of the pulse interval defined such that it can 
be determined that the focusing lens 211 is stopped when R- 
TIM becomes equal to the value or longer. 

[0164] When R-TIM is shorter than STOP-TIM, the flow 
returns to step 215 to wait for input of a pulse. When R- 
TIM is equal to or longer than STOP-TIM, the flow proceeds 
to step 232. 
[0165] (step 231) 

Since it is determined that the driving is still being 
performed, the lens controller 219 compares R-TIM with UP- 
TIM. When R-TIM is shorter than UP-TIM, the flow returns to 
step 215 to wait for input of a pulse. When R-TIM is equal 
to or longer than UP-TIM, the flow proceeds to step 223 to 
perform the speed-up processing. UP-TIM represents a value 
of the pulse interval defined such that, when R-TIM becomes 
equal to the value or longer, the speed-up processing should 
be performed to prevent the speed from excessively reducing 
to cause the stop of the focusing lens 211 even while the 
focusing lens 211 is driven. STOP-TIM and UP-TIM are 
previously stored in a ROM 219b provided in the lens 
controller 219. 
[0166] (step 232) 

The lens controller 219 determines that the focusing 
lens 211 is stopped to perform driving stop processing. 
[0167] (step 233) 
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The lens controller 219 resets the focus driving 
ongoing flag, the state of which is one of information to be 
transmitted through lens status communication in camera-lens 
communication. During the setting of the flag, the camera 
controller 208 determines that the focusing lens 211 is 
being driven on the camera side. 
[0168] (step 234) 

The processing of the flow is ended. 
[0169] Next, description is made for a subroutine in the 
processing of setting the target pulse interval performed at 
step 220 with reference to Fig. 15. 
[0170] (step 235) 

The lens controller 219 determines whether or not the 
remaining driving amount (FOPC+FPCO) -FPC to the target 
position is equal to or smaller than the deceleration pulse 
amount. The remaining driving amount is equal to or smaller 
than the deceleration pulse amount, the flow proceeds to 
step 236. Otherwise, the target pulse interval setting 
processing is ended and the flow proceeds to step 221 of the 
main flow of Fig. 13B. 
[0171] (step 236) 

The lens controller 219 reads a voltage value from the 
zoom brush 214 to determine whether or not the current 
position ZOOM of the zooming lens 212 is larger than a 
predetermined value. The predetermined value represents a 
previously set focal length of the image-taking optical 
system. The current position ZOOM of the zooming lens 212 
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larger than the predetermined value means that the zooming 
lens 212 is located on the telephoto side closer to the 
telephoto end than the focal length corresponding to the 
predetermined value, while the current position ZOOM smaller 
than the predetermined value means that the zooming lens 212 
is located on the wide-angle side closer to the wide-angle 
end than the focal length corresponding to the predetermined 
value. When it is determined that the zooming lens 212 is 
located on the telephoto side, the flow proceeds to step 238. 
On the other hand, when it is determined that the zooming 
lens 212 is located on the wide-angle side, the flow 
proceeds to step 237. 
[0172] (step 237) 

Since it is determined that the current focal length 
is on the wide-angle side at step 236, the lens controller 
219 reads and sets pulse interval data for the target speed 
(T-SPD) from a wide-angle side deceleration data table (a 
deceleration control pattern) . 
[0173] (step 238) 

Since it is determined that the current focal length 
is on the telephoto side at step 236, the lens controller 
219 reads and sets pulse interval data for the target speed 
(T-SPD) from a telephoto side deceleration data table (a 
deceleration control pattern) . 

[0174] The wide-angle side deceleration data table and the 
telephoto side deceleration data table are similar to those 
described in Embodiment 1 and shown in Fig. 6. In 
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Embodiment 4, these deceleration data tables are previously 
stored in the ROM 219b. 

[0175] Specifically, in Embodiment 4, the wide-angle side 
deceleration data table is set such that the deceleration 
rate to a predetermined remaining amount near the stop 
position (immediately before the stop) is smaller than on 
the telephoto side, and after the predetermined remaining 
amount, the speed is sharply reduced to stop the focusing 
lens 211. 

[0176] The setting is made to reduce the driving time even 
when the target position is overrun. The setting is 
provided by making use of the fact that the focal depth is 
deeper on the wide-angle side while the focal depth is 
shallower on the telephoto side, so that high accuracy of 
stop position of the focusing lens 211 is required on the 
telephoto side but relatively lower accuracy is allowed on 
the wide-angle side as compared with the telephoto side as 
described earlier. 

[0177] On the other hand, the telephoto side deceleration 
data table is set such that the deceleration rate to a 
predetermined remaining amount near the stop position 
(immediately before the stop) is large, and after the 
predetermined remaining amount, the speed is gently reduced 
to stop the focusing lens 211. This can provide high 
accuracy of stop position of the focusing lens 211 on the 
telephoto side. 

[0178] The predetermined value serving as a threshold 
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value for the determination whether or not the focal length 
is on the wide-angle side or telephoto side at step 236 is 
set on condition that a defocus amount on an image-pickup 
surface due to an overrun possibly caused when the focusing 
lens 211 is stopped in accordance with the wide-angle side 
deceleration data table does not exceed the permissible 
circle of confusion. 

[0179] As described above, in Embodiment 4, speed control 
data for the deceleration control is changed depending on 
the focal length of the image-taking optical system. Thus, 
high accuracy of stop position of the focusing lens 211 can 
be maintained on the telephoto side, and the required 
accuracy of stop position can be relaxed to stop the driving 
more quickly on the wide-angle side, thereby allowing a 
reduction in driving time of the focusing lens 211. 
[0180] While one focal length for changing the 

deceleration data table is set in Embodiment 4, a plurality 
of focal lengths for changing the deceleration data table 
may be set (for example, an additional deceleration data 
table is provided corresponding to an intermediate focal 
length between the telephoto side and the wide-angle side) 
to set speed control data for deceleration in more detail. 
It is thus possible to maintain the accuracy of stop 
position of the focusing lens 211 required for each focal 
length as well as to minimize the driving time. 
[0181] While Embodiment 4 has been described for the case 
where the DC motor is used as the lens driving motor to 
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achieve acceleration and deceleration through voltage 
control, a vibration type motor may be used in which 
periodic wave voltages with two different phases are applied 
to piezoelectric elements to excite vibration of a vibrator 
such that a contact body is relatively moved. In this case, 
acceleration or deceleration is performed by changing the 
frequency, voltage values, or a phase difference of the 
periodic wave voltages. 

[0182] Although detailed description is not made, it is 
possible to combine the image-taking lens 202 described in 
Embodiment 4 with the control described in Embodiments 2 and 
3. 

[0183] The deceleration data tables or deceleration pulse 
amount data described in each of Embodiments 1 to 4 may be 
rewritable in consideration of differences in features among 
individual cameras or lens apparatuses (for example, the 
characteristics of the motors, sensitivity of focus 
adjustment to the position of the focusing lens, or the 
like) . 

[0184] While each of Embodiments 1 to 4 has been described 
for the digital camera or the digital camera system, the 
present invention is applicable to a film camera or a film 
camera system. 

[0185] As described above, according to each of 

Embodiments 1 to 4, when the image-taking optical system is 
in a state in which high accuracy of stop position of the 
focusing lens is not required, such as when the focal length 
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is on the wide-angle side or the set value of the diaphragm 
(stop) is on the narrowed side, the focusing lens can be 
stopped in a short time period. On the other hand, when the 
image-taking optical system is in a state in which high 
accuracy of stop position of the focusing lens is required, 
such as when the focal length is on the telephoto side or 
the set value of the diaphragm (stop) is on the opened side, 
the required high accuracy can be achieved- Therefore, 
focus adjustment can be performed in a short time period or 
with high accuracy depending on the state of the image- 
taking optical system. 

[0186] While preferred embodiments have been described, it 
is to be understood that modification and variation of the 
present invention may be made without departing from the 
spirit or scope of the following claims. 
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What is claimed is: 



1. A camera comprising: 

an image-taking optical system which includes a 
focusing lens; 

a motor which drives the focusing lens; 

a controller which controls the motor such that the 
focusing lens is stopped at a target position by performing 
deceleration control in accordance with a predetermined 
deceleration control pattern; and 

a state detector which detects a state of the image- 
taking optical system, 

wherein the controller changes the deceleration 
control pattern in accordance with the state detected by the 
state detector. 

2. The camera according to claim 1, wherein the state of 
the image-taking optical system is a focal length of the 
image-taking optical system. 

3. The camera according to claim 2, wherein the 
controller sets the deceleration control pattern in which, 
when the focal length of the image-taking optical system is 
on a wide-angle side closer to a wide-angle end than a 
predetermined focal length, the motor is decelerated for 
stopping at a deceleration rate smaller than a deceleration 
rate when the focal length is on a telephoto side, until a 
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remaining driving amount becomes a predetermined amount. 

4. The camera according to claim 2, wherein the 
controller sets the deceleration control pattern in which, 
when the focal length of the image-taking optical system is 
on a wide-angle side closer to a wide-angle end than a 
predetermined focal length, the motor is decelerated for 
stopping at a deceleration rate larger than a deceleration 
rate when the focal length is on a telephoto side, after a 
remaining driving amount becomes less than a predetermined 
amount . 

5. The camera according to claim 1, wherein the image- 
taking optical system includes a stop, and the state of the 
image-taking optical system is a set value of the stop. 

6. The camera according to claim 5, wherein the 
controller sets the deceleration control pattern in which, 
when the set value of the stop is on a narrowed side 
relative to a predetermined stop value, the motor is 
decelerated for stopping at a deceleration rate smaller than 
a deceleration rate when the set value of the stop is on an 
opened side, until a remaining driving amount becomes a 
predetermined amount. 

7. The camera according to claimS, wherein the controller 
sets the deceleration control pattern in which, when the set 
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value of the stop is on a narrowed side relative to a 
predetermined stop value, the motor is decelerated for 
stopping at a deceleration rate larger than a deceleration 
rate when the set value of the stop is on an opened side, 
after a remaining driving amount becomes less than a 
predetermined amount, 

8. A camera comprising: 

an image-taking optical system which includes a 
focusing lens; 

a motor which drives the focusing lens; 

a position detector which detects a position of the 
focusing lens; 

a controller which controls the motor such that the 
focusing lens is stopped at a target position by performing 
deceleration control from the time when a difference between 
the target position and the position detected by the 
position detector is equal to or smaller than a 
predetermined amount; and 

a state detector which detects a state of the image- 
taking optical system, 

wherein the controller changes the predetermined 
amount in accordance with the state detected by the state 
detector . 

9. The camera according to claim 8, wherein the state of 
the image-taking optical system is a focal length of the 
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image-taking optical system. 



10. The camera according to claim 9, wherein the 
controller sets the predetermined amount to a smaller amount 
when a focal length of the image-taking optical system is on 
a wide-angle side closer to a wide-angle end than a 
predetermined focal length as compared with an amount set 
when the focal length is on atelephoto side. 

11. The camera according to claim 8, wherein the image- 
taking optical system includes a stop, and the state of the 
image-taking optical system is a set value of the stop. 

12. The camera according to claim 11, wherein the 
controller sets the predetermined amount to a smaller amount 
when the set value of the stop is on a narrowed side 
relative to a predetermined stop value as compared with an 
amount set when the set value of the stop is on an opened 
side. 

13. A lens apparatus comprising: 

an image-taking optical system which includes a 

focusing lens; 

a motor which drives the focusing lens; 

a controller which controls the motor such that the 
focusing lens is stopped at a target position by performing 
deceleration control in accordance with a predetermined 
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deceleration control pattern; and 

a state detector which detects a state of the image- 
taking optical system, 

wherein the controller changes the deceleration 
control pattern in accordance with the state detected by the 
state detector. 

14. The lens apparatus according to claim 13, wherein the 
state of the image-taking optical system is a focal length 
of the image-taking optical system. 

15. The lens apparatus according to claim 14, wherein the 
controller sets the deceleration control pattern in which, 
when the focal length of the image-taking optical system is 
on a wide-angle side closer to a wide-angle end than a 
predetermined focal length, the motor is decelerated for 
stopping at a deceleration rate smaller than a deceleration 
rate when the focal length is on a telephoto side, until a 
remaining driving amount becomes a predetermined amount. 

16. The lens apparatus according to claim 14, wherein the 
controller sets the deceleration control pattern in which, 
when the focal length of the image-taking optical system is 
on a wide-angle side closer to a wide-angle end than a 
predetermined focal length, the motor is decelerated for 
stopping at a deceleration rate larger than a deceleration 
rate when the focal length is on a telephoto side, after a 
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remaining driving amount becomes less than a predetermined 
amount . 

17. The lens apparatus according to claim 13, wherein the 
image-taking optical system includes a stop, and the state 
of the image-taking optical system is a set value of the 
stop, 

18. The lens apparatus according to claim 17, wherein the 
controller sets the deceleration control pattern in which, 
when the set value of the stop is on a narrowed side 
relative to a predetermined stop value, the motor is 
decelerated for stopping at a deceleration rate smaller than 
a deceleration rate when the set value of the stop is on an 
opened side, until a remaining driving amount becomes a 
predetermined amount . 

19. The lens apparatus according to claim 17, wherein the 
controller sets the deceleration control pattern in which, 
when the set value of the stop is on a narrowed side 
relative to a predetermined stop value, the motor is 
decelerated for stopping at a deceleration rate larger than 
a deceleration rate when the set value of the stop is on an 
opened side, after a remaining driving amount becomes less 
than a predetermined amount. 

20. A lens apparatus comprising: 
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a 



an image-taking optical system which includes a 

focusing lens; 

a motor which drives the focusing lens; 

a position detector which detects a position of the 

focusing lens; 

a controller which controls the motor such that the 
focusing lens is stopped at a target position by performing 
deceleration control from the time when a difference between 
the target position and the position detected by the 
position detector is egual to or smaller than 
predetermined amount; and 

a state detector which detects a state of the image- 
taking optical system, 

wherein the controller changes the predetermined 
amount in accordance with the state detected by the state 
detector. 

21. The lens apparatus according to claim 20, wherein the 
state of the image-taking optical system is a focal length 
of the image-taking optical system. 

22. The lens apparatus according to claim 21, wherein the 
controller sets the predetermined amount to a smaller amount 
when a focal length of the image-taking optical system is on 
a wide-angle side closer to a wide-angle end than a 
predetermined focal length as compared with an amount set 
when the focal length is on a telephoto side. 
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23. The lens apparatus according to claim 20, wherein the 
image-taking optical system includes a stop, and the state 
of the image-taking optical system is a set value of the 
stop. 

24. The lens apparatus according to claim 23, wherein the 
controller sets the predetermined amount to a smaller amount 
when the set value of the stop is on a narrowed side 
relative to a predetermined stop value as compared with an 
amount set when the set value of the stop is on an opened 
side. 

25. A camera system comprising: 

the lens apparatus according to claim 13; and 

a camera on which the lens apparatus is mountable. 

26. A camera system comprising: 

the lens apparatus according to claim 20; and 

a camera on which the lens apparatus is mountable. 
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